The use of selective inhibitors and computer modelling to evaluate the role of specific high affinity cyclic AMP phosphodiesterases in the hormonal regulation of hepatocyte intracellular cyclic AMP concentrations.
Using experimentally derived data for the activities and kinetic constants of hepatocyte cyclic AMP phosphodiesterase isoenzymes together with the derived changes in adenylate cyclase activity, due to stimulation and subsequent desensitization by glucagon, a computer model was established to simulate hepatocyte cyclic AMP metabolism. The established ability of glucagon to activate the 'dense-vesicle' cyclic AMP phosphodiesterase by eliciting its cyclic AMP-dependent phosphorylation was shown on the model to be capable of eliciting a profound reduction in the glucagon-stimulated increase in intracellular cyclic AMP. This was consistent with experimentally derived observations using the compound ICI 118233 which was used to inactivate the 'dense-vesicle' enzyme selectively. The non-hydrolysable adenosine agonist N6 (phenylisopropyl)-adenosine (PIA), which prevents glucagon pre-treatment of hepatocytes blocking the ability of insulin to stimulate the peripheral plasma membrane cyclic AMP phosphodiesterase, is shown here to accentuate the ability of insulin to decrease glucagon-elevated intracellular cyclic AMP concentrations. This effect was obliterated using the compound ICI 63197, a selective inhibitor of the peripheral plasma membrane phosphodiesterase. Computer modelling studies, taking into account experimentally derived actions in insulin in activating the peripheral plasma membrane phosphodiesterase, confirmed the potential of this enzyme to decrease intracellular cyclic AMP concentrations. Modelling of the putative effect of an insulin 'mediator' in activating the two cyclic GMP-stimulated cyclic AMP phosphodiesterase isoenzymes was shown to elicit a decrease in intracellular cyclic AMP concentrations which was comparable to that caused by insulin's action on intact hepatocytes. The relative contribution of each phosphodiesterase form to the metabolism of hepatocyte intracellular cyclic AMP, together with an assessment of the potential effect of inhibition and activation of specific species, was evaluated using the computer model. These experimental and stimulation studies indicate that alterations in the phosphodiesterase activity of the 'dense-vesicle' enzyme, the peripheral plasma membrane enzyme, the cyclic GMP-stimulated cyclic AMP isoforms and the IBMX-insensitive PDE-MQ-II can elicit profound effects upon hepatocyte intracellular cyclic AMP concentrations.